ABSTRACT Tomicus piniperda (L.), a Eurasian scolytid Þrst discovered in North America in 1992, is established in at least 12 north central and northeastern states and the Canadian provinces of Ontario and Quebec. The expanding range of T. piniperda, its ability to develop and shoot-feed in most North American pine species, and its relatively early spring activity have generated questions about its potential interactions with native competitors and natural enemies. Our objectives were to compare phenology of T. piniperda with native phloem-feeding insects and to evaluate phenological synchrony between T. piniperda and native predators in red pine forest stands. We monitored adult beetle activity using baited funnel traps and observations of insect activity on freshly cut red pine logs in four to eight stands in southwestern and northern lower Michigan during two Þeld seasons. Logs were periodically returned to the laboratory and individually caged. Phloem-feeders, predators and parasitoids emerging from logs were identiÞed. Tomicus piniperda was collected only in southwestern stands and was consistently the Þrst scolytid collected in funnel traps. Ten native phloem-feeding species were collected in funnel traps or reared from logs; at least two native species were actively colonizing logs concommitently with T. piniperda in early spring. We observed adults of the predatory clerid Thanasimus dubius (F.) actively moving on logs and preying on T. piniperda adults and other scolytids early in spring, roughly 3Ð 4 wk before this species was Þrst collected in funnel traps. Other native scolytid predators including Cucujus clavipes F. and three staphylinids were also active early in spring. Results suggests that T. piniperda is likely to encounter interspeciÞc competitors and natural enemies in North America, but further research will be needed to demonstrate how these interactions affect T. piniperda population dynamics.
Tomicus (ϭBlastophagus ϭ Myelophilus) piniperda (L.) (Coleoptera: Scolytidae), the larger pine shoot beetle, is a pest of pines (Pinus spp.) in Europe, Asia, and north Africa (Långströ m 1980 , Ye 1991 . Established populations of T. piniperda were Þrst discovered in North America in 1992 in Ohio (Haack and Kucera 1993) . Subsequent research indicated that nearly all North American pines were suitable hosts for this exotic bark beetle (Lawrence and Haack 1995) . As of July 2001, ongoing delimitation surveys had detected T. piniperda in 312 counties in 12 states, primarily in the north central and northeastern regions of the United States. At least 43 counties in the Canadian provinces of Ontario and Quebec were known to be infested (NAPIS 2001 , CFIA 2001 . Federal, state and provincial quarantines currently regulate the shipment of pine logs, Christmas trees and nursery stock originating in infested counties (McCullough and Salof 1998) .
Tomicus piniperda differs from most native scolytids in the areas of the United States and Canada where it is established because of its low temperature threshold for ßight and its maturation feeding behavior. Adults overwinter in a niche in the outer bark at the base of live pine trees until temperatures reach 10 Ð12ЊC in early spring (Salonen 1973; Långströ m 1983; Saarenmaa 1989; Lawrence 1995b, 1997) , then ßy to brood material consisting of recently cut pine logs, stumps or slash, newly dead, dying or severely stressed pine trees (Långströ m 1980 , Schroeder 1992 , Haack and Lawrence 1995a . Tomicus piniperda uses alpha-pinene and other oleoresin volatiles to locate suitable brood material (Vité et al. 1986 , Schroeder 1988 , Schroeder and Lindelö w 1989 , Byers 1991 . Tomicus piniperda is monogamous and mated females excavate a distinctive vertical egg gallery (Långströ m 1980) . Larvae feed and develop in the phloem for 6 to 12 wk and pupate. Progeny adults exit the brood material and ßy to the crowns of living pine trees for maturation feeding in lateral shoots. Beetles bore into the distal tip of shoots, and tunnel toward the shoot tip, killing one to six shoots during the summer (Lång-strö m 1980 , McCullough and Smitley 1995 . Hard frosts in autumn cause the beetles to move down to the base of the tree to overwinter (Långströ m 1983 , Haack et al. 2001 .
Many questions about the ecological and economic impacts of this new scolytid have been generated because of the extensive area known to be infested by T. piniperda. Several native insects in the region occupied by T. piniperda also use phloem of weakened, newly dead, or recently cut pines and interspeciÞc competition with scolytids, curculionids, and cerambycids is an important source of mortality for some bark beetle species (Light et al. 1983; Byers 1989 Byers , 1993 Poland and Borden 1998) . Studies in North America, however, suggested that the early spring ßight period might enable T. piniperda to largely avoid competition with native scolytids Lawrence 1995a, 1995b) . For example, Ips pini (Say) (Coleoptera: Scolytidae), a common native scolytid in the north central region, overwinters as adults in the litter on the forest ßoor and initiates spring ßight when daily maximum temperatures are near 20ЊC (Schenk and Benjamin 1969) , usually 3Ð 6 wk later than T. piniperda Lawrence 1995a, 1995b) . However, I. pini uses the aggregation pheromones ipsdienol and lanierone as well as host volatiles to locate suitable brood material (Schenk and Benjamin 1969 ,Lanier et al. 1980 , Raffa and Klepzig 1989 , Seybold et al. 1992 , perhaps increasing its efÞciency in locating and colonizing brood material. In addition, I. pini typically completes three generations per year in northern states (Schenk and Benjamin 1969) and progeny adults do not require maturation feeding in shoots.
Potential interactions between T. piniperda and native natural enemies are also of interest in North America. Haack and Lawrence (1995b) predicted that T. piniperda would encounter no native predators or parasitoids until colonization and oviposition were mostly completed each spring. Ryall and Smith (1997) speculated that native natural enemies were unlikely to use T. piniperda because of its recent arrival. These concerns were strong enough to warrant consideration of importing a Eurasian predator, Thanasimus formicarius (L.) (Coleoptera: Cleridae), to the United States for T. piniperda control Lawrence 1995b, APHIS 1996) . In Europe, T. formicarius is the earliest of the major bark beetle predators to become active in the spring and is an important predator of T. piniperda (Schroeder 1988, Herard and Mercadier 1996) . In North America, the native predator Thanasimus dubius (F.) (Coleoptera: Cleridae) is thought to be well-adapted to the later-emerging native Ips bark beetles, and uses Ips aggregation pheromones as kairomones to locate their hosts (Raffa and Klepzig 1989 , Herms et al. 1991 , Teale and Lanier 1991 . It was unclear whether T. dubius and other native natural enemies would be active early enough in the spring to locate and prey upon T. piniperda parent adults or progeny.
In this study, we monitored the seasonal activity of T. piniperda, native phloem-feeding insects, and their arthropod natural enemies in red pine (Pinus resinosa Aiton) stands during two Þeld seasons in Michigan. Red pine is an economically important timber species that is planted extensively in much of the north central region (Rudolf 1990) and is a suitable host for T. piniperda larval development and shoot-feeding (Lawrence and Haack 1995) . Our primary objectives were to compare the phenology of T. piniperda with that of I. pini and other native pine phloem-feeding insects, and to evaluate the phenological synchrony between T. piniperda and T. dubius, and other native natural enemies.
Materials and Methods
Study Sites. In 1996, we monitored phenology of pine phloem-feeders and their arthropod natural enemies at four similarly aged red pine forest plantations in MichiganÕs lower peninsula (Table 1) . Each stand was within 2 km of other red pine plantations, and each was thinned during the 1994 Ð1995 winter. Stumps and abundant slash (e.g., tops, large branches) left on the ground provided suitable brood material for phloem-feeding insects during the following spring and summer.
Two stands were in southwestern lower Michigan and were known to be infested with T. piniperda as well as native scolytids (D.G.M., unpublished data). One stand was located in Michigan State UniversityÕs W. K. Kellogg Experimental Forest in Kalamazoo County (KAL1), and the second stand was in the Allegan State Game Area in Allegan County (ALL1). Two stands in northern lower Michigan were also selected. One stand was in the Huron-Manistee Na- (Siegert and McCullough 2001b) . In 1997, we again monitored the same four sites and also selected four additional red pine plantations: KAL2, ALL2, WEX2, and ROS2; each was within 6 km of one of the original stands. These sites had the same general characteristics as the original stands (Table 1) , but were row-thinned during the 1995Ð1996 winter. In both 1996 and 1997, data were also collected as part of a related study from a 4-ha mixed Scotch pine (Pinus sylvestris L.) and red pine plantation in Lansing, Ingham County, MI. This stand was known to be infested with T. piniperda and was included because of its proximity to the Michigan State University campus and its intermediate location between the northern and southwestern sites. Brood material, consisting of dying and newly dead trees, was available each year because the plantation was infected with a root rot pathogen (D.G.M., unpublished data) and because of wind damage to Scotch pine tree tops and branches. Phenological data from the funnel trap collections in this stand are presented here for comparison purposes. Temperature, precipitation, and degree-day accumulation (base 10ЊC) were obtained from Michigan State University (MSU) weather stations located at or within 15 km of each study site. Weather data were obtained from stations at Kellogg Forest and Gull Lake (Kalamazoo County) for the KAL1 and KAL2 stands, Allegan (Allegan County) for the ALL1 and ALL2 stands, Lake City (Missauke County) for the WEX1 and WEX2 stands, Houghton Lake (Roscommon County) for the ROS1 and ROS2 stands, and the MSU campus (Ingham County) for the Lansing stand.
Funnel Trapping. To monitor the spring ßight activity of scolytids and their associates, two to four 12-unit Lindgren funnel traps (Lindgren 1983 ) (Phero Tech, Delta, British Columbia) were placed in each red pine stand. Traps were suspended from metal poles with trap bottoms Ϸ1 m above the ground. Each trap was erected and baited in February of 1996 and 1997 with two ␣-pinene lures to attract T. piniperda (Byers et al. 1985 , Vité et al. 1986 , Volz 1988 , Schroeder and Lindelö w 1989 , and with one lure each of ipsdienol and lanierone to attract I. pini and related species. The ␣-pinene lures consisted of 15-ml polyethylene bottles with a release rate of 150 mg/d at 22Ð24ЊC, and a 10:90 ratio of (ϩ) and (-) enantiomers. The ipsdienol bubble-cap lures had a release rate of 100 g/day at 25ЊC, and a 50:50 enantiomeric ratio. The lanierone bubble-cap lures had a release rate of 10 g/day at 25ЊC (Phero Tech). Lures were replaced at 4-wk intervals. Insecticide strips were used in each trap, and insects were collected at weekly intervals from March through September in 1996 and 1997. Four funnel traps were placed in each stand in 1996 and two traps were placed in each stand in 1997.
Progeny Rearing. In total, 204 red pine bolts in 1996 and 304 bolts in 1997, each Ϸ60 cm long and 10 Ð20 cm in diameter, were cut from live red pine trees felled in each stand in February, April, and June of both years (Table 1) . These three times preceded initial activity of overwintering parent T. piniperda, initial activity of overwintering parent Ips spp., and emergence of the Ips F 1 progeny adults, respectively. Bolts cut in February were placed in the southwestern sites only (KAL, ALL); monitoring during this and related studies indicated that T. piniperda was not present in the northern sites (WEX, ROS) (Siegert and McCullough 2001b) . Bolts were laid on the ground in a shady area of each stand to reduce potential desiccation and were left for colonization by bark beetles and their associates. Bolts were collected and returned to Michigan State University at 2-wk intervals in 1996 and at 1-wk intervals in 1997. Upon arrival, ends of retrieved bolts were dipped in parafÞn wax to reduce desiccation. Each bolt was placed in an individual emergence container consisting of a cardboard tube (15Ð25 cm diameter, 0.32Ð 0.64 cm wall, 61Ð71 cm overall length [Michigan Can and Tube, Saginaw, MI,] ) with opaque plastic endcaps and a clear plastic collection cup at one end. Emergence containers were stored on the Michigan State University campus in East Lansing in a screened insectary exposed to ambient outdoor temperatures.
Adult insects were collected from emergence containers at least twice a week from June through October in 1996 and 1997. When progeny emergence ended in winter, logs were carefully de-barked and any insects remaining under the bark or within the emergence container were collected. Insects collected from these bolts were assumed to be progeny adults, although it is possible that a few parent adults were inadvertently collected.
Field Observations. In 1996, we noted that collection of some native phloem-feeding beetles and predators in funnel traps did not always occur at the same time at which we observed activity in the Þeld. In 1997, therefore, we made an effort to examine the red pine bolts that we placed in all eight stands each week, in addition to collecting insects from the funnel traps. All observations were conducted between 1030 and 1500 hours on days with no rain. Each bolt was gently turned over and examined, and the presence of scolytids and other insects on the bolts was recorded.
Identification and Analysis. Insects collected from funnel traps and emergence containers were stored in 70% ethanol until they could be identiÞed. Voucher specimens for all species were deposited at the Center for Insect Diversity, Department of Entomology, Michigan State University (MSU). Hymenopterous parasitoids were identiÞed by John Luhman, at the University of Minnesota and Minnesota Department of Agriculture. Coleoptera, Diptera and Hemiptera were identiÞed by Gary Parsons, curator of the MSU Center for Insect Diversity, and the authors.
Initial and Þnal date that species were collected in funnel traps, and the proportion of insects emerging by Julian day were determined in southwestern and northern stands. Funnel trap collections and Þeld observations in 1997 were compared to determine if activity that we observed on logs corresponded to dates when species were collected in funnel traps. Phenology of progeny beetles reared from logs is not reported here because caging logs in the emergence tubes likely affected development rates and timing of emergence.
Results

Phloem-Feeders.
A diverse complex of insects used pine phloem in the red pine stands that we surveyed in southwest and northern lower Michigan. A total of 5,296 and 2,614 adult beetles was collected in funnel traps in 1996 and 1997, respectively. Eleven species of pine phloem feeders, including nine scolytids, one weevil (Pissodes approximatus Hopkins) (Coleoptera: Curculionidae), and two sawyers [Monochamus scutellatus (Say) and M. carolinensis (Olivier)] (Coleoptera: Scolytidae), were represented in the funnel trap collections in both years (Tables 2 and 3) . We recorded observations of activity for at least Þve species of scolytids on the red pine bolts at weekly intervals during the 1997 Þeld season (Table 4) . A total of 11,030 and 15,293 phloem-feeders was reared from the bolts Southwestern and northern stands each had four funnel traps in 1996 and two funnel traps in 1997. Four funnel traps were also placed in a mixed red and Scotch pine plantation in Lansing, MI, in both years. Insects emerged from 204 bolts in 1996 and 304 bolts in 1997. No red pine bolts were placed in the Lansing stand.
a Includes larval progeny that were developing when bolts were dissected. b Staphylinids included Nudobius cephalus (Say), Hypnogyra gularis (LeConte), and Hesperus apicalis (Say), but only representative specimens were identiÞed to species level. placed in southwestern stands, and 7,630 and 8,299 phloem-feeders were reared from bolts placed in northern stands in 1996 and 1997, respectively (Table  2) .
Tomicus piniperda parent adults were the Þrst scolytids collected in funnel traps in both years at the southern stands and the Lansing stand (Table 3) , but this species was never collected or observed in the northern stands (Tables 2 and 4) . Number of T. piniperda collected in the southern stands increased dramatically from 1996 to 1997 and high numbers of T. piniperda progeny adults emerged from bolts in 1996 and especially in 1997 (Table 2 ). More T. piniperda adults were collected from traps in the mixed Scotch pine and red pine stand in Lansing than from any of the red pine stands ( Table 2) .
The Þrst T. piniperda parent adults often became active in mid to late March before any degree days accumulated, based on a 10ЊC threshold (Table 3) . More than 90% of all parent adults that were collected in funnel traps were caught in the Þrst 2 wk of T. piniperda activity in both years. In 1997, we observed T. piniperda parent adults colonizing red pine bolts in the four southern stands and the Lansing stand during the same 2-wk period that they were collected in funnel traps (Tables 3 and 4) . Colonization activity on the red pine bolts peaked in mid-April to early May of both years. A few T. piniperda parent adults continued to be collected in the southern stands through midsummer (Table 3) , which may represent parent beetles that emerged after initiating a second sister brood (Långströ m 1986, Schroeder and Risberg, 1989) or errant progeny beetles. Tomicus piniperda were collected in funnel traps for a longer time at the two southwestern stands than at the Lansing stand, presumably reßecting more variable exposure and temperature conditions in the larger stands.
Ips pini was the most abundant native scolytid and was collected in relatively high numbers in all stands (Table 2) . In southern stands, I. pini was Þrst collected about 45 d after T. piniperda parent beetles initiated ßight. In both years, there were three peaks of I. pini activity, reßecting activity of overwintered parents, and F 1 and F 2 progeny adults. In 1996, more than half of all I. pini adults collected were trapped in late summer; whereas in 1997, at least 40% of all I. pini beetles were collected within 3 wk of the initial ßight, reßecting the abundance of overwintering adults in these stands. Observations of I. pini activity on red pine bolts coincided with the collection of I. pini in the funnel traps (Tables 3 and 4 ). Large numbers of I. pini progeny were reared from bolts collected in all stands (Table 2) .
Two other species of Ips beetles were collected in funnel traps or from red pine bolts. Ips grandicollis (Eichhoff) was present in all stands, but was collected in greater numbers in the southern stands than in northern stands (Table 2) . Flight of I. grandicollis overwintered parent adults began at or slightly later than I. pini and occurred 1 or 2 wk earlier in the southern stands than the northern stands (Table 3) . In both 1996 and 1997, the parent adult ßight for I. grandicollis peaked soon after ßight began, and a second peak occurred 7 wk later when F 1 progeny adults emerged. Observations of I. grandicollis activity on the red pine bolts were generally consistent with the funnel trap collections. Ips grandicollis progeny adults emerged in high numbers from bolts recovered from all stands (Table 2) . Ips perroti Swaine parent adults were not collected in funnel traps or observed on any of the red pine bolts in either 1996 or 1997. However, progeny of this small scolytid were reared from the red pine bolts collected in two of the northern stands (WEX1 and ROS2) ( Table 2) .
Hylurgops rugipennis pinifex (Fitch) (Coleoptera: Scolytidae) was collected in funnel traps in all stands, which represent new state records for Michigan according to Wood (1982) , but no more than 22 individuals were collected in funnel traps in any stand (Table 2) . However, we observed many parent adults actively colonizing the red pine bolts in southwestern stands early in the spring concomittently with T. piniperda colonization activity (Tables 3 and 4 ). The external appearance of H. r. pinifex is similar to T. piniperda, but H. r. pinifex was readily distinguishable in the Þeld by behavioral characteristics including construction of short galleries on the underside and ends of bolts, and a habit of tucking their legs under their body when disturbed. As snow melted in spring, H. r. pinifex adults were typically found along the cool, damp bottom of nearly every red pine bolt at all stands in both years. The few H. r. pinifex parent adults that were collected in funnel traps were not captured until several weeks after they were Þrst observed colonizing the bolts. High numbers of H. r. pinifex progeny adults were reared from red pine bolts collected in all stands in 1996 and 1997 (Table 2) .
Overwintering parent adults of the red turpentine beetle, Dendroctonus valens LeConte (Coleoptera: Scolytidae), were relatively common in the funnel traps in both years, especially in the northern stands (Table 2) . Parent adults had one main peak of ßight activity in both years, roughly 50 Ð 60 d after peak T. piniperda ßight, and were occasionally observed on red pine bolts during the same period (Tables 3 and 4) . Activity began at similar times in the southwestern and northern stands, but persisted longer in the northern stands (Table 3) . Although D. valens parent adults were commonly collected in funnel traps, D. valens progeny adults were not reared from any red pine bolts (Table 2) . Orthotomicus caelatus (Eichhoff) (Coleoptera: Scolytidae) adults were collected in all stands (Table 2) . There was one peak of ßight activity in 1996, but two peaks of ßight activity, approximately 7 wk apart, in 1997. This scolytid was observed on red pine bolts only a few times, but timing of activity was consistent with collection in funnel traps and occurred at about the same time as the Þrst activity of I. pini and I. grandicollis (Tables 3 and 4) . Progeny adults emerged from bolts collected in all stands, but numbers were lower in 1997 than in 1996, especially in the northern stands ( Table 2) .
In 1996, Hylastes porculus Erichson (Coleoptera: Scolytidae) parent adults ßew roughly 7 wk later in the northern stands than the southern stands, but in 1997, activity commenced in early July in all stands (Table  3) . In both years, most of the H. porculus parent adults were collected soon after Þrst ßight, with a second smaller peak roughly 15 d later. We did not observe this beetle on red pine bolts in any stand and relatively high numbers were collected in funnel traps in only one stand (Table 2) . Progeny adults emerged from bolts collected in all stands but numbers of progeny were four-fold higher in southwestern than in northern stands (Table 2) .
Another small beetle, Dryocetes autographus (Ratzeburg) (Coleoptera: Scolytidae), was rarely caught in funnel traps; only two adults were collected in 1996 and three in 1997 (Table 3) . We did not observe D. autographus on red pine bolts in the Þeld, but progeny were reared from bolts collected in the KAL1 and KAL2 sites (Table 2) . Red pine is a new host record for this scolytid (Wood 1982) .
Other phloem-feeding beetle taxa were also present in these stands. Pissodes approximatus Hopkins, the northern pine weevil, was not collected frequently in funnel traps (Table 2 ). These weevils, however, were abundant and commonly observed feeding and ovipositing on the bottom of red pine bolts in the KAL1 and ALL1 stands in spring, corresponding to colonization activity of T. piniperda and H. r. pinifex (Tables  3 and 4 ). High numbers of progeny adult weevils emerged from red pine bolts, particularly those collected in southwestern stands (Table 2) .
Cerambycids in the genus Monochamus were conspicuous from June through late summer on nearly all of the red pine bolts in northern and southern stands and were frequently observed mating and ovipositing (Table 4) . Despite their abundance on pine logs, relatively few adults were collected in funnel traps (Table 2) and they were the last phloem feeders collected in funnel traps in both years (Table 3) . Flight activity of parent Monochamous beetles was irregular but lasted from mid-to late summer of both years. Most cerambycids collected in the funnel traps were Monochamus scutellatus but a few M. carolinensis were also present. The two cerambycids could not be distinguished with certainity in the Þeld, so observations (Table 4) represent combined totals. Both species require a full year for development and progeny (larvae) were not collected in the emergence containers in either 1996 or 1997 until the bolts were de-barked later in the year.
Adults of the ambrosia beetle, Gnathotrichus materiarius (Fitch) (Coleoptera: Scolytidae), were Þrst collected in funnel traps at roughly the same time as overwintering I. pini parent adults in the southwestern stands in both years (Table 3 ). In 1996, G. materiarius parent adults had one main peak of activity soon after Þrst ßight, whereas in 1997, there were two peaks of activity; one immediately after Þrst ßight, and one 6 wk later. We did not observe this tiny beetle on the red pine bolts and no more than 20 were collected in any funnel trap. More progeny beetles emerged from bolts collected in southwestern stands than northern stands, especially in 1997 (Table 2) . Red pine is a new host record for G. materiarius (Wood 1982) .
Natural Enemies. Eight species of predatory beetles were collected in the funnel traps. In 1996, 957 adult predators were collected and in 1997, 930 predators were collected. In our 1997 Þeld observations, at least four different predators were observed walking or running about on the logs and in some cases, we watched them capture and feed on adult scolytids (Table 4) . Progeny of at least eight predatory beetles, one predatory dipteran and one predatory hemipteran were reared from the red pine bolts (Table 2) . Hymenopterous parasitoids were never collected in funnel traps but 10 species were reared from the red pine bolts (Table 2 ). A total of 1,113 and 2,258 natural enemies were reared from bolts in 1996 and 1997, respectively.
The clerid Thanasimus dubius was among the most abundant and conspicuous of the scolytid predators. In 1996, T. dubius adults were Þrst collected in funnel traps roughly 3 wk after peak T. piniperda parent activity, and they continued to be collected throughout the summer and into the fall (Table 3 ). In 1997, T. dubius was not collected in funnel traps until Ϸ6Ð7 wk after peak T. piniperda activity, corresponding to ßights of native Ips overwintered adults. In 1997, funnel trap collections of T. dubius ceased at the end of July.
In contrast to the funnel trap catches, however, we observed T. dubius adults actively moving about on the red pine bolts early in the spring of both years. In 1997, T. dubius adults were preying upon T. piniperda and H. r. pinifex adults on bolts in the southwestern stands by late March (Table 4) . We continued to observe T. dubius adults engaged in searching behavior and preying on T. piniperda and H. r. pinifex parent beetles over the next 4 wk. This activity occurred well before native Ips ßight activity began and T. dubius adults were collected in funnel traps. We also noted larvae of T. dubius were moving about on the surface of the red pine bolts at the ROS2 and WEX2 sites on 2 July in 1997 (Julian date 183). Thanasimus dubius progeny adults emerged from logs collected in all stands in both years (Table 2) .
Another predatory clerid, Enoclerus nigripes (Say) (Coleoptera: Cleridae), was less commonly encountered than T. dubius and was not collected in funnel traps until mid to late July of both years (Table 3) . We observed E. nigripes actively searching for prey on the red pine bolts in all stands in June, July, and August (Table 4) , but it was only reared from bolts collected in northern stands (Table 2) .
Two predatory histerids, Platysoma (ϭCylistix) cylindrica (Paykull) and Platysoma parallelum Say (Coleoptera: Histeridae) were collected in funnel traps at all stands in both years (Table 2 ). In 1996, these species were Þrst collected 4 Ð5 wk after peak T. piniperda ßight (Table 3) , and Ͼ70% of the beetles were collected within a 3-wk period. In 1997, we Þrst collected these histerids 10 wk after peak T. piniperda activity, like many of the other scolytid predators that year, and we continued to collect individuals through late July (Table 3) . We rarely observed either histerid on the red pine bolts, but progeny of both species were reared from bolts collected in all stands (Table 2) .
Corticeus parallelus (Melsheimer) (Coleoptera: Tenebrionidae), a tiny facultative predator, was Þrst collected in funnel traps 2 wk after T. piniperda peak ßight in 1996 (Table 3) . Flight activity peaked early in the spring, although adults continued to be collected throughout the summer. In 1997, however, C. parallelus did not initiate spring ßight until 10 wk after T. piniperda peak ßight (Table 3) , and was then collected only until mid-July. Corticeus parallelus adults were only occasionally observed on red pine bolts during June and July (Table 4) .
Other predatory beetles including Cucujus clavipes F. (Coleoptera: Cucujidae) and the staphylinids Nudobius cephalus (Say), Hypnogyra gularis (LeConte) and Hesperus apicalis (Say) (Coleoptera: Staphylinidae) were active as early in the spring as T. piniperda (Table 3) . In 1996 and 1997, roughly 80 and 50% of the total collection of C. clavipes, respectively, occurred within 2 wk of peak T. piniperda parent ßight. In 1996, C. clavipes was only collected in funnel traps in the southern stands and the Lansing stand, but it was collected in all stands in 1997 (Table 2) . We did not observe C. clavipes on the red pine bolts and this species was not reared from any bolts. In 1996, Ͼ50% of the staphylinids in funnel traps were collected within 2 wk of peak T. piniperda ßight. In 1997, most staphylinids were collected during two periods; one in early spring, just after T. piniperda peak ßight, and the second in midsummer, corresponding to ßight of I. pini F 1 progeny adults (Table 3) . Staphylinids were collected 3Ð 6 wk earlier in southwestern stands than in northern stands, and there was no early ßight in the northern stands in 1996 (Table 3) . Staphylinids were observed on a few occasions on the red pine bolts (Table 4) , although we did not see any actually preying on scolytids. Staphylinids from funnel traps and bolts were initially recorded only to family level, which prevented us from determining if all species were present in each stand.
Two additional predators were reared from red pine bolts but were not collected in funnel traps nor observed on logs. High numbers of Medetera sp. (Diptera: Dolichopodidae), a predator of scolytid larvae (Nicolai 1995) , were reared from the red pine bolts in both years, especially those collected in southwestern stands (Table 2 ). The egg predator Anthocoris sp. (Hemiptera: Anthocoridae) was not abundant, but at least a few were reared from red pine bolts collected in all stands in both years (Table 2) .
Parasitic wasps were not attracted to the funnel traps, but Ͼ365 progeny adults representing 10 species emerged from bolts collected in our stands 1996 and 1997 (Table 2) . Parasitoids were not identiÞed to species until after the study was completed, so we were unable to associate species with speciÞc pine stands or hosts. Ichneumonids included Neurateles sp. (subfamily Orthocentrinae) and Dolochomitus irritator (F.) (subfamily Pimplinae), previously recorded as a parasitoid of Cerambycidae. Three braconids emerged from the bolts including Coeloides pissodis (Ashmead) (subfamily Braconinae), Spathius brachyurus Ashmead (subfamily Doryctinae) and Eubazus sp. (subfamily Helconinae). Five species of pteromalids emerged, including Eulonchetron sp., Kukua clypeata Boucek, Rhopalicus sp., Rhoptrocerus xylophagorum (Ratzeburg) and Dinotiscus sp.
Discussion
A diverse guild of insects utilizes pine phloem in the Great Lakes region, but few of these insects and their associated natural enemies have been well-studied (Raffa 1991) . This has made it difÞcult to predict how T. piniperda will interact with potential competitors and natural enemies as populations build and expand through North American pine stands.
During our 2-yr study, we collected a total of 7,910 phloem-feeders and 1887 predators in funnel traps, and reared 26,323 phloem-feeders and 3,371 natural enemies from 508 red pine bolts. Species composition of phloem-feeders and natural enemies were similar among the stands although T. piniperda and D. autographus occurred only in southwestern stands and I. perotti was only in northern stands. Generally, the overall abundance of phloem-feeding insects and natural enemies was greater in the southwestern stands than the northern stands. This may reßect the concentrated distribution of pine stands in the southern region of lower Michigan, where much of the land surrounding our study sites is agricultural or has been developed. In northern lower Michigan, pine cover type is more extensive and insects associated with pine phloem may be dispersed across a much greater area.
Tomicus piniperda. Studies conducted soon after the discovery of T. piniperda suggested that the early spring activity of parent beetles might confer a competitive advantage to this exotic scolytid because it would largely escape competition from I. pini and other native phloem-feeding insects (Haack and Lawrence 1995b) . As expected, we found that T. piniperda was the Þrst scolytid that we collected in our funnel traps, but, surprisingly, it was not the Þrst phloemfeeder to begin colonizing the red pine bolts. Two native species, H. r. pinifex and P. approximatus, were actively colonizing the bolts at least as early as T. piniperda, though they were rarely collected in the funnel traps. We consistently observed adult H. r. pinifex and P. approximatus beetles on the bottom and cut edges of nearly every red pine bolt in late March and April, even as the snow was melting. These insects appeared to prefer sections of the bolts that were in direct contact with the ground where conditions were generally cool and moist. In contrast, T. piniperda primarily colonized the sides of the bolts, but not the underside. This suggests that competitive interactions between T. piniperda and these early season phloemfeeders could be minimized by spatial partitioning, at least when brood material is laying on the ground. A study of colonization patterns showed similar partitioning between T. piniperda and Ips sexdentatus Boerner in France, but T. piniperda preferentially colonized the lower sides of the bolts there (Bouhot et al. 1988) . In our study, we did not assess colonization of standing dead or dying trees; whether a similar guild of phloem-feeders will colonize upright brood material in early spring warrants further investigation. At a broader scale, interspeciÞc competition between T. piniperda and native phloem feeders may be reduced by differences in host preference. We found that abundance of T. piniperda in funnel traps was consistently higher in the mixed Scotch and red pine stand in Lansing than in any of the red pine stands. Recent studies suggest that T. piniperda parent adults may preferentially colonize Scotch pine brood material over native red pine and jack pine (Pinus banksiana Lambert) in the Great Lakes region McCullough 2001a, 2001b) , which could inßuence T. piniperda distribution across landscapes. Our study focused on red pine stands and additional research is needed to determine whether potentially competitive interactions between T. piniperda and native phloem feeders are different in Scotch pine versus native pine stands.
Tomicus piniperda parent adult ßight was not only early, it was also intense with most activity occurring in a 2-wk ßight period. This pattern of early and intense spring ßight behavior was previously documented (Salonen 1973; Saarenmaa 1989; Lawrence 1995b, 1997) and reßects T. piniperdaÕs comparatively low temperature threshold for ßight (10 Ð12ЊC) (Långströ m 1980 (Långströ m , 1983 . Unlike most native scolytids that overwinter on the forest ßoor, T. piniperda adults overwinter in the outer bark at the base of standing pine trees where they are presumably exposed to solar radiation and warmer temperatures as snow cover melts.
Native Phloem-Feeders. Overwintering I. pini adults initiated spring ßight 6 wk after T. piniperda adults in both years of this study. Earlier studies conducted in nearby stands at Kellogg Forest from 1993 to 1996 similarly found that the Þrst ßight of T. piniperda occurred 3Ð 6 wk earlier than the Þrst ßight of I. pini in Michigan Lawrence 1995b 1997) . Funnel trap collections of I. pini in 1996 paralleled the trend described by Teale and Lanier (1991) and Raffa (1991) in New York and Wisconsin, respectively: the highest funnel trap collections occurred late in the season, and relatively few I. pini were collected in the spring and early summer. This late season peak is hypothesized to occur when I. pini adults stop colonizing brood material, but continue to produce and respond to pheromones (Teale and Lanier 1991) . Raffa (1991) also noted that the attraction of I. pini to ipsdienol seems to be activated by cool temperatures in the fall. In 1997, however, most I. pini were collected early in the summer, presumably when adults that overwintered in the stands became active.
Most other native phloem-feeders including I. grandicollis, O. caelatus, G. materiarius, H. porculus, and D. valens were collected in funnel traps around the same time as I. pini overwintered adults, similar to previous reports Lawrence 1995b, Schenk and Benjamin 1969) . Two species that we observed colonizing logs early in spring, P. approximatus and H. r. pinifex, were also collected in funnel traps around this same time, although neither were strongly attracted to the lures. In our stands, I. grandicollis parent adults were Þrst collected in funnel traps at the same time as I. pini, not earlier than I. pini as reported in Wisconsin (Schenk and Benjamin 1969) .
Dendroctonus valens adults were Þrst collected in funnel traps in mid-May of both years, a few weeks later than Haack and LawrenceÕs (1995b) Þrst catch in Michigan in late April in 1993. In Wisconsin, D. valens funnel trap collections peaked in MayÐJune and again in AugustÐSeptember (Raffa 1991) , but a second ßight of D. valens did not appear to occur in our stands. Although we frequently observed this large scolytid on our bolts in the Þeld, it was not reared from these logs. Typically D. valens colonizes stumps or the base of large pines, where the bark is thick and rough. The bolts that we used for the study (10 Ð20 cm diameter) may have been too small for D. valens to colonize. Natural Enemies. In North America, T. piniperda parent beetles were originally expected to escape mortality from native natural enemies for several weeks in spring because colonization activity occurs so early in spring (Haack and Lawrence 1995b) . Our Þrst collections of T. dubius in funnel traps occurred in late April 1996 and early May 1997, timing similar to that reported by Haack and Lawrence (1995b) . Given that T. dubius uses I. pini aggregation pheromones to locate prey (Hansen 1983, Raffa and Klepzig 1989) , it is perhaps not surprising that funnel trap collections of T. dubius corresponded to I. pini activity.
We found, however, that funnel trap collections did not accurately represent actual T. dubius predation activity. We watched T. dubius beetles actively running on logs and preying on T. piniperda and H. r. pinifex adults in spring, while the scolytids were colonizing brood material. This activity occurred 3Ð 4 wk before T. dubius were collected in funnel traps. We did not formally record Þeld observations until 1997, but we noted similar differences between T. dubius activity on logs and funnel trap collections in 1996 as well. The underlying reason for the temporal disparity between initial T. dubius activity on logs and funnel trap catches is unknown but may be related to cool spring temperatures. For example, in related laboratory tests, we found that T. dubius adults walked but never ini-tiated ßight until temperatures exceeded 10 Ð15ЊC (Kennedy 1998) .
Other native predators were also active early in the spring during the same time as T. piniperda adults were colonizing brood logs. Cucujus clavipes and three staphylinids, N. cephalus, H. gularis and H. apicalis, were collected in the funnel traps in both years within roughly a week after the start of T. piniperda ßight. Like P. approximatus and H. r. pinifex, early activity of these predators has not been previously reported. We did not witness these predators attacking T. piniperda on our red pine bolts in the Þeld, but they readily consumed T. piniperda in the laboratory and in related Þeld studies (D.G.M., unpublished data). Activity of other native predators such as P. cylindrica, P. parallelus and C. parallelus appeared to generally correspond to I. pini activity, although initiation of activity probably varies temporally from year to year. For example, we Þrst collected P. cylindrica and C. parallelus in our funnel traps in late May, roughly 4 wk earlier than that reported by Haack and Lawrence (1995b) .
Some natural enemies such as Medetera sp. and hymenopterous parasitoids were not collected in funnel traps but high numbers emerged from the caged red pine bolts. There are no reports of Medetera sp. attraction to ␣-pinene-baited traps, although Medetera aldrichii Wheeler, a predator of Dendroctonus pseudotsugae Hopkins (Coleoptera: Scolytidae), responded to ␣-pinene as an ovipositional stimulant (Fitzgerald and Nagel 1972) . Studies of M. aldrichii in Washington and South Dakota (Hopping 1947 , Schmid 1970 ) demonstrated parent activity was initiated in early June and early July, respectively. Bright (1996) reared Medetera signaticornis Loew and Medetera pinicola Kowarz from two bolts of Scotch pine in Ontario that were infested only with T. piniperda. Three of the parasitoid species we collected also emerged from T. piniperda in the bolts that Bright (1996) reared, including two braconids, C. pissodis and S. brachyurus, and the pteromalid R. xylophagorum. In addition, Bright (1996) recorded Dinotiscus dendroctoni (Ashmead) and Rhopalicus tutela (Walker), while we reared a Dinotiscus sp. and a Rhopalicus sp. that were not identiÞed to species.
The early activity of T. dubius and other native predators that we observed in the Þeld has implications for the proposed introduction of the European clerid T. formicarius. A primary justiÞcation for considering the introduction of T. formicarius was its early spring activity in Europe (Schroeder 1988) coupled with the assumption that T. dubius would not be active early enough to prey upon T. piniperda. In addition, Ryall and Smith (1997) speculated that native predators and parasitoids would be unlikely to use T. piniperda because of its relatively recent arrival in North America.
Our results consistently showed, however, that T. dubius was indeed active on the logs early in the spring and that it preyed upon T. piniperda parent beetles as they colonized brood material. Moreover, Bright (1996) noted that native predators and parasitoids reared from pine bolts infested by T. piniperda were habitat speciÞc rather than host speciÞc and could be expected to prey on whatever scolytids they encountered in the appropriate habitat. The introduction of T. formicarius or other exotic, generalist predators for the control of T. piniperda appears unwarranted or should at least be postponed until the impact of North American natural enemies, as well as competitors, on T. piniperda populations is better understood. Bright (1996) similarly called for a thorough assessment of native natural enemies before importation of exotic predators was considered and noted the potential risk of competitive displacement of native species.
Comparison of Methods. We used three methods to assess phenology of phloem-feeding insects and natural enemies including funnel traps, Þeld observations and log rearing. Although each method had distinct advantages and disadvantages, in combination they provided a good overview of the insect activity in our stands.
Funnel traps were simple to operate and were especially useful for collecting beetles that were too small or rare to be observed on logs. Effectiveness of the lures used in funnel traps can vary depending on weather conditions, population density and other factors (Lindgren 1983 , Salom and McLean 1991 , but even with a limited number of traps and lures, we were able to attract many phloemfeeding and predatory insects. In our study, traps were baited with ipsdienol and lanierone, as well as ␣-pinene, a combination that is known to be attractive to I. pini, as well as predators such as T. dubius, P. cylindrica and C. parallelus (Raffa and Klepzig 1989, Raffa 1991) . This combination of lures, however, could be less attractive to or even repel other phloem-feeding or predatory species (Turnbow and Franklin 1981, Erbilgin and Raffa 2001) . Using only ␣-pinene lures or deploying combinations of other volatile compounds such as ipsenol or ethanol (Phillips et al. 1988 ) could increase the chance of collecting most phloem-feeding species or their associates in pine stands.
Field observations were time and labor-intensive, but provided a more accurate determination of initial spring activity than funnel trap data alone and enabled us to observe predation, mating and other behaviors of some species. Funnel traps and Þeld observations of activity on the red pine bolts were phenologically consistent for most of the phloem-feeders including T. piniderda, I. pini, I. grandicollis, D. valens, M. scutellatus, and M. carolinensis. For two phloem-feeders, H. r. pinifex and P. approximatus, and the predator T. dubius, however, activity in the Þeld preceded collection in funnel traps by 3 wk or more. Field observations underestimated presence or activity of small, cryptic insects such as the scolytids O. caelatus, I. perroti, G. materiarius, H. porculus, D. autographus and small or nocturnal predators like C. parallelus, P. cylindrica, P. parallelum, and staphylinids. In addition, observations were difÞcult to standardize and insect activity varied depending on the temperature and weather.
Rearing pine phloem feeders and natural enemies from red pine bolts provided an additional means for determining the phloem-feeding species and associated natural enemies present in each stand. Handling and transporting the cumbersome bolts was sometimes difÞcult, and rearing insects from the caged bolts was labor intensive, required a large amount of space, and the cages likely altered development times compared with Þeld populations. Despite these problems, this method did have advantages. One scolytid, I. perroti, and several natural enemies, including Medetera sp., Anthocoris sp., and the hymenopterous parasitoids, were collected only from the bolts.
